A lower bound and an upper bound for the spectral radius for nonnegative tensors are obtained. A numerical example is given to show that the new bounds are sharper than the corresponding bounds obtained by Yang and Yang (SIAM J. Matrix Anal. Appl. 31:2517Appl. 31: -2530Appl. 31: , 2010, and that the upper bound is sharper than that obtained by Li et al. (Numer. Linear Algebra Appl. 21:39-50, 2014).
Introduction
If A is not reducible, then we call A irreducible. For the spectral radius of a nonnegative tensor, Yang and Yang [] provided a lower bound and an upper bound for the spectral radius of a nonnegative tensor.
where R min = min i∈N R i (A), R max = max i∈N R i (A), and
In order to obtain much sharper bounds of the spectral radius of a nonnegative tensor, Li et al. [] have given an upper bound which estimates the spectral radius more precisely than that in Theorem .
Furthermore, max ≤ R max .
In this paper, we continue this research, and we give a lower bound and an upper bound for ρ(A) of a nonnegative tensor A, which all depend only on the entries of A. It is proved that these bounds are shaper than the corresponding bounds in [] and [] . A numerical example is also given to verify the obtained results.
New bounds for the spectral radius of nonnegative tensors
In this section, bounds for the spectral radius of a nonnegative tensors are obtained. We first give some notation. Given a nonnegative tensor 
Lemma  Let
be an irreducible nonnegative tensor with n ≥ . Then
Proof Let x = (x  , x  , . . . , x n ) T be an entrywise positive eigenvector of A corresponding to
Without loss of generality, suppose that
From (), we have
Hence,
Similarly, we have, from (),
Multiplying inequality () with inequality () gives
Note that x t  ≥ x t  > , hence
that is,
(ii) We now prove
Similar to the proof in (i), we obtain easily
The conclusion follows from (i) and (ii).
Now we establish upper and lower bounds for ρ(A) of a nonnegative tensor A.
E, where k = , , . . . , and E denote the tensor with every entry being . Then A k is a sequence of positive tensors satisfying 
Note that for any
we obtain easily
Furthermore, since A k is positive and also irreducible nonnegative for k = , , . . . , we have, from Lemma ,
The proof is completed.
We next compare the bounds in Theorem  with those in Theorem .
Hence, Therefore,
which implies
i.e., R min ≤ min .
On the other hand, if for any i, j ∈ N , j = i,
Similarly, we can also obtain
and that R min ≤ min . Hence, the first inequality in () holds. In a similar way, we can prove that the last inequality in () also holds. The conclusion follows. 
Conclusions
In this paper, we obtain a lower and an upper bound for the spectral radius of a nonnegative tensor, which improved the known bounds obtained by Yang and Yang [] , and Li et al. [] .
